Introduction
and PHILLIPS (1977) described the development of the Psaronius root system, and STIDD (1971) discussed the growth and development of the frond system. Numerous specimens from localities in Ohio, Illinois, and Kansas provide an opportunity to suggest some previously unrecognized aspects of growth and development of Psaronius trunks, including changes in trunk structure at the base, reestablishment of a plant disturbed during growth, and a detailed comparison of anatomical and morphological differences in growth pattern among species of Psaronius. Additional evidence that the base of a Psaronius stem may have decayed as the apex grew comes from the distribution of stem sizes in specimens from the Shade locality and from comparisons with modem analogs. A histogram of stem sizes at the proximal end of 97 specimens ( fig. 6) Another analogous condition to basal stem decay in Psaronius is heartrot, seen in many species of hardwood trees. In some trees with heartrot, the central portion of the wood decays, often leaving a hollow cylinder of secondary wood and bark to the outside (BAXTER 1925). As the rot spreads centripetally, support for the tree is maintained through the addition of secondary xylem by the vascular cambium. In Psaronius, the addition of free roots to the outside of the trunk adds to the support of the stem (MORGAN 1959; EHRET and PHILLIPS 1977).
Material and methods

Specimens
The pattern of basal decay in Psaronius is exemplified by specimen P-071, in which the bound root zone is absent at the proximal end, creating a more-or-less truncated conical cavity (fig. 4) . Distal to the hollow space is a region of poorly preserved bound root zone ( fig. 4, stippling) . The pattern suggests that decay began in bound root tissues adjacent to the stem and proceeded centripetally (fig.  4) . The stem appears initially unaffected by the degradation of the surrounding tissues and may extend proximally into the hollow area for up to 8 cm, although preservation in such extensions is usually poor.
An alternative interpretation of hollow and partially hollow Psaronius trunks considers differential preservation in these specimens. Tightly packed bound root zone tissues may have prevented permineralizing solutions from infiltrating into the trunk sufficiently to preserve the inner tissues of the bound root zone and stem before decay. Also, the decay pattern in these specimens may reflect a taphonomic sequence in Psaronius trunks after death of the plant and prior to preservation.
Weathering of specimens after they erode free of the matrix sediments may have occurred in a differential pattern such that the central bound root zone and stem weathered more quickly than the outer bound root zone, resulting in a hollowing of the specimen. Hollow and partially hollow specimens may reflect a combination of these factors: (1) basal decay during growth, (2) differential preservation, (3) postmortem decay, and (4) weathering. The invariant orientation of partially hollow trunks, lacking bound root zone and stem proximally with these structures distally intact, and closely analogous conditions in modern plants strongly suggest that the basal stem and bound root zone did, in fact, decay as the plant grew.
Specimen P-014 from the Shade locality has areas of distorted root mantle and stem, apparently compacted by crushing, but shows continued growth after the disturbance. On the basis of the presence of an aerenchymatous ground tissue, tannin cells, and large, U-shaped leaf traces in stem cross sections, in addition to a bound root zone of large (4.0-6.0 mm), widely spaced, rounded roots ( fig. 2 ), this specimen is referred to P. magnificus (Herzer) Rothwell and Blickle (1982a) .
Relative to the downward orientation of uncrushed free roots toward the outer portion of the root mantle, the stem and bound root zone appear to be at a ca. 450 The angle of the stem relative to the downwardgrowing bound roots and extensive crushing of root mantle suggest that the Psaronius trunk of specimen P-014 was probably broken in mid-region. The apex tipped to an angle of ca. 45?, with some roots diverging above the break remaining intact, providing support to the uninjured crown of the plant. The apex of the stem was apparently not seriously damaged and continued to grow, producing root mantle. The thick zone of uncontorted free roots winding downward around the contorted region and surrounding the broken end of the stem suggests considerable stem growth after the disturbance.
Discontinuity of proximal and distal portions of the stem caused by breakage in specimen P-014 is similar to the decay at the base of the stem. In both instances, apical growth of the stem continues despite the loss of connection to basal portions, reflecting the general unidirectional growth pattern characteristic of ferns. Once the leaves drop off and supporting root mantle forms around a given segment of stem, that segment becomes inactive relative to further development of the trunk, and its loss is of little consequence to the viability of the Among the Ohio material, specimens P-053 and P-072 from the Shade locality and O.U. coal ball (C.B.) 1609 specimen from the Steubenville locality have localized secondary parenchyma. Specimen P-053, identified as P. chasei, has one localized area of secondary parenchyma ( fig. 7) . The stem is partially absent but is up to 4.6 cm in diameter and probably has five vascular cycles; at least four orthostichies are present, but probably more occurred at this level. blicklei (MOON 1939; MORGAN 1959) ; thus, secondary tissue production is not particularly useful taxonomically. However, secondary growth in P. blicklei appears to be more extensive than in other species, both in amount of tissue and in number of specimens in which it is known to occur. The significance of this observation is unclear.
In general, three aspects of secondary parenchyma production within Psaronius stems are common to known occurrences. The first is that a well-defined lateral meristem appears to be absent from regions of secondary growth. Absence of a lateral meristem is indicated by the fact that many of the radial rows do not extend the entire width of a zone of secondary parenchyma and by the lack of an identifiable layer of cambial initials associated with secondary growth. Growth of the cauline secondary tissue probably occurs in a more diffuse pattern, similar to the diffuse growth that forms short radial files in the stems of some monocots (ESAU 1965a; TOMLINSON 1961), but in a more localized manner. FARMER and HILL (1902) noted a few secondarily derived tracheids and radially aligned rows of parenchyma that appear to be derived from the endodermis in Angiopteris evecta, and to a lesser degree in Marattia sp. In neither plant was a defined cambium present; rather, tangential divisions occurred in a more diffuse manner.
The The reason for secondary parenchyma formation is not entirely clear, but in at least some instances it appears to be a wounding reaction. The side of the stem in specimen P-072 on which secondary parenchyma has formed appears to have been disrupted, and the secondary tissue may be a wound response to this disruption. The earliest bound roots at a given level generally grow outward and down into the cortical zone outside of the sclerenchyma sheath (STIDD 1971; EHRET and PHILLIPS 1977; MICKLE 1984) , undoubtedly causing disruption of these tissues. This prompts speculation that formation of the bound root zone may be, in part, a reaction to this "wounding" of the cortical tissues. Whatever physiological cue caused the reaction to begin could diffuse to the cells surrounding the bound root sheath, stimulating divisions of the parenchymatous cells (EHRET and PHILLIPS 1977) . If this same hypothetical cue were transported into the stem, some cells could begin dividing and could result in the formation of secondary parenchyma.
An alternative explanation for secondary tissue development in Psaronius stem tissues is that such growth is a result of attack by a pathogenic agent or agents. Cell proliferation is a known response to such an attack (BARNES 1968 ) and has been recorded in fossil material (e.g., STIDD To test this hypothesis, I compared five species of Psaronius-P. blicklei, P. chase, P. magnificus, P. melanedrus Morgan (1959) , and P. schopfii Mickle (1984) -for differences in rate of increase in amount of vascular tissue in relation to stem diameter. These species were chosen because they (1) are well defined taxonomically, on the basis of other features, and (2) are known from a number of specimens representing levels within the stem from near the base to much more distal portions. Comparisons of species were made by simple linear regression (OSTLE 1963; MOORE et al. 1972 ) of stem diameter versus number of (1) orthostichies, (2) stelar cycles, and (3) inner meristeles for specimens of each species. For a more direct comparison of results, only specimens of each species with a complete set of data for each parameter were used. Measurements of specimens were derived from MICKLE (1984, (tables 1, 2) . The regression coefficients of variables for some species are significantly different (P ? .05), while others are not. Two groups of species emerge from these data: (1) P. blicklei and P. chasei, and (2) P. magnificus, P. melanedrus, and P. schopfii. Within each group, regression coefficients are not significantly different from each other, while between groups the slopes differ significantly for one or two parameters (table  2) . In general, coefficients are greater in group 1 than group 2 (tables 1, 2).
These results suggest that the amount of cauline vascular tissue relative to stem diameter is increasing at a faster rate in group 1 than in group 2. Because the amount of primary vascular tissue within the stem reflects the relative size of the apex (WARDLAW 1968; TORREY 1970; SCHECKLER 1978) , these results also indicate that the size of the apex increased at a faster rate in the species of group 1 than those of group 2 and further suggest that the growth rates of various Psaronius species may have differed.
The observation that a progressive increase in the amount of vascular tissue occurs with ontogeny leads to the conclusion that the apex in the five Psaronius species was continuously expanding in size, instead of reaching a relatively steady state in size, as in many plants (GREGORY and ROMBERGER 1972a, 1972b 
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